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•. 
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b.:ox: f.or th'e :dur_a;·t-i~n :of t··-n~· st1id:J:. 111 actclition to the: cstrain _g_age 
""';.;.,/ 
.r:e?dtng--s '· ·ex:tens.ometer readtng_$: ·were t9_:k·e-.ri at tl:le s:~me intervals on 
-· 
:_all 8 _ bolts of eac:h joint,. This ·,provid~cl an op-p·o·rtunity to ccrrelate 
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·;.;, 
~, the s·train readings on the bolt shanks with the bolt -el_ongaJ;ion r·~dings. 
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the. s.tandar:d .. proc.ed:ure'~ . 
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D·uri{ng: eac·h ·te.st ,. strain· r:eadings were,\ taken 
" . . -
so tha.t: the chan·ges. 'in. bo:It .tl.~µsio.n.· .<iur.ing t.e,st,ing could be observed,. 
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;.,/, /·· !:n or:d-er ,to' che·ck the ·.~ccuracy .6.f:·: fhe· b:olt gage rea.dt .. ngs .. py,e.r 
.. . f 
,an ·ex-t·end--ed pericd :of ·cirtte , .. gaged b·.o lts oif the: same· lot were installed, 
i:.b. ·a. lo·ad ce 11 a·-s .sl-1-own i-n F'ig. il. 'T.he load c.e 11 was ·mcio.e of hardened·, 
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tool iiteel and hc1id ~,:hole· ~-1/16:-in~ :io ,diameter· th.r'otJ·gh i.ts .ce.nte·r 
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tlrr:ough \vhi:cih :th:e · bo.lt wa:s i-n.:serte.,¢1~ J~}:ou.r st:r~in. gages were, c·e1nent.e.:cl 
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to th·e:: o-ut:sid.e: of t·he lo~-ct c·e·ll.,, two ·p iacec:l_: ho:riz .. ontµl .~,nd.: two pla·ce.d: 
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vetti.caL. 't.ne·y were. conne'c.t~d to a ,_s.t:rain _gage indicator in a wheat.-
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One~half 'inch. ·thick A36 st.eel ·,pla'i:.e··s 'Were pla:c·ed ·o.v.e.r ea:ch :·end 
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o:f i:ti.e load cel1 -s·o t-h~·t =.t.he p·ehavior ·of t·h·e·: plates·: unde.r' . .'the he.ad at1d 
j:oi:n:cs .• .1'hre~, .sets_ of these. plates ~~t~ used,, qh_e s·et for e:acn of· t·h'e 
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4_ ;_l -E.Jf~c:t: of. Jiole Stz¢_ -.ci-n Bo 1 t Tens.i_on . and_: lrts=t.a 11:atio:r\" 
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:J>t is of· inte-r·es:t'. to· :examine: Che ef!ec t of va:fytng hole Jfi-a-
f:orc:e_: of bolts' tn:S:t-all.~d by the turn-of-nut_ .pt-oc_edure .. , . 
..... , 
;it1sta1.l_ed- witb;but wa_sher.s- .. This wa.s in a-:~_co.r.danc-e ·w:it.h the ptEfS·e-nti. 
i 
·. C 
speei£i_.~·a.t N_·hs for bolted joints· ·whJch per-rnit-:s: insta11~atf()rt -With{)Ut_. 
..... : .... ·• 
·, 
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:; 
• . wash~rs wh~n·using ~h~ furn-of-nut method. 
.. a'chte'vin;g a ]jolt. tens~ofn above the require<l 
.The ·r:ension .ach±~ved i.n th.e.- 24 hol:ts of· th.~ 3 cc>ntr,ol .j o(n:t:s·: rarrg_ed 
b:·etwe:en 116:% and 149% of t'.he .re·q-u.ired ··preJ·.oad ~ts Sh:oWn i.rt .Fig_·:' .-:12. tn.e 
. /"' . .. . av_e_r:a.ge. bo1t' e,tongario)1S land t·ens:ion·S: fqr· e~·c-h .. Joint. a:re lis.teq. i_n· 
·Tab.le 2. The mill sca·le on the pl-ate area tinder the t.u.r.ned .e'lemer .. t 
around the 1.-1./1.6:-tn .. · holes'. was s.l i·ght 1-y ~aJ1ed as sho:vn rn Fi9< 13: .. : ·? 
A-'. s.Jight de:pr·essio_ri- oc¢_utr·ed tJnder· the bolt head, - a.s sh-own iri F~g ~ 14. 
. . . 
T.h-is no.mi:n·a~ -am·oµn_t ;:of dar:rcage .ind.i-c-ated that washe:rs are not req.µir.e~l 
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atn(}Uht o·f:· t°le=ar·a nee:. . ' 
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T.here_ ·was no difficulty. achie-ving bo.lt te-nsions 
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·--·--. above· the minimum 'required tension in_ all six";''jb.int-s .· 
~he a vrerage bo 1-t 
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'· e.·longat'io .. n_s ·· and: tens.io:n.s for. .. th.e 2 ser-ies a.re -sumn1a_ri:zed in, Tab le 2 •. 
. . 
.. ... . 
. . ~ ·-
. 
'. .. .l-\s. c~n b.e s e·en 'in Fig .. _. : 1) ;- -t:h~. a,v$·rage bol.t tens-ions · :Eo·t th:e 
·. .. - . 
-~ ·,;· 
i-,-!6' gt.:0\.1.:ps .:.co.ht-ai:r1.in-g· l.-.1/4:-~;'i·n.. ho ies :w:ere :a·bout e:q·ua1 {l.1'8'7o of: p_r.oof: 
• i:o-. 
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-:·· 
lo:a_<i) but were ·noticea~1y lo·w·er than th~:· ave·rage. t·e..nsi,on i.n the t-o.nt·r:o:1-. 
_c:rrouts ( 13% ·o·'f _p· __ ro_ of _load) .•. p 'j,, .. ·. ,,,, A:n e.xarnin.at.ion o:f tha: plate ar_e.as \1:n<;ie:X: 
. •. 
.:.t:'.be bb·Lt heaos ind.i:cated ;d.epres.$:ioh$ had OC'Cl+rre·d dµrfng. tig:hteq{hg 
(Fig._ 15_.) "t.h~t wer.e g;rea:ter·· than ·th~: i_nde:n-tatiol)S that :had ·b.cc-urr:ed-
~ ~·~~~ 
:u.:r\der t:he he:$cls: o.·£: the b·:o~t.s 1..n the co:ntr9l jo·ints. This rrrean.t :tha.t· 
;¥5' 
'' t·he·· Ionaat.io·n·s -o:f t·-b.e bo.l t-s in th.e=-l~ 1 /4.~ in. nole-s ~v:er:e: ·s.rna.Iler tha-n: 0 . . . . . ~-
th:e e1ongati.ons in t·h.e- cont.rol jo·t)1.ts and ·-n~rit.e t:he. b .. olt t:e-ns·tons ·we:re:· 
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bccµrted duri,.ng .inst.a1.lat:ion.~ .;.-:,.,r t-he damao-e to th-e :p. l$te and. 'the. nut is 
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sh·o·wn .in :E'igS: •. .16 -arul lY ~ :F-or .c.ompar.-ison, the: surf!ace' cpndit:io·n. of th 
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·_.p· l_.ate :where w~shers .·we.re. 'US,e-d u·nd:er: th.e·· n\it.s ··in t_he· OH.3 serie:S :.is shown 
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, ·1):t :F~.g. 18. O.nly-- a s l'.:;g)tt dep_ressio.n 
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-of wa.she.rs in the ,l-.l/-4-~:iri-., h:ol.e·s-. 
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_ ;_ _ _bp -1.t'.s. ~-~~~we r-e- --i11s t·~i~1~:d w-f ·t-h---wa-sJ;_~~:is-s·,;~-~-~-Henc e , -~th-e.----·-c-·r.critpt:n·g,··· .for ~-e . 
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't fo:t :tn,e· j·o.ints. :with was:he.rs wa:S rr.ore uniform. " r. 1 
·, 
I 
·'.tire 1iol~s. "iJl: the OH4 -series j-01nts \Ve:r:e:·· or.i.lled fro~:i the ori.~ 
gi:n~_i 1.-3 .. 16·-in. · di·aineter to 1-5/16-in. ·diamete,t .after ~ resul.t:s c{f. 
. \ 
:(he ·studies o:n the· sl.{p. b·e.hav.ior :of the OH2 and OH3 series were 9·0~ 1 
t 
•. '. ~· 
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:The: b·olts. it\.. ·tv?O of ;t:he ·three 0H4 ser°ies ~rJoints w.er.e instal_led . 
.. ·~ 
. ' F 
p 
,,.:.· ·,. j .. 
·.t:h.1.s· was .don.e ,a·fter .ob·serving . 
. 
the s·~v~·t.e g01J...in.g that: :occurred i-~ ·the pH2 .s.erie-s where· the b.o1ts 
b . 1 t' · o:~ ·.·S :failed to ~:.ch.i:eve t·heir r:ec{ui·red mi'nin1um t-ens :Lo,n. . \, .. Ti~~e. ·bo. lts( 
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·vea1:ed that t,he bolt heads had :r_ec~s.s·ed severely into t.he 'pl.a·te .arou·nd ," 
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' " ,· ' :_ y -ff .. . 
T,his:1 ·coriditioh ·wa.s ·£:a:r rilore severe than t-h,@ tece·$Si.Ofl..8 
.. (~ ;: 
that ·o-ct~.frted. in· the OH2 a_nd ·QH} seri.-es, as shown :in. :F,Ig .. _ ;(9. Ln. 
\ 
·.~ th.i-.s instana:e, the e.lo.ng?tio:ns· of the .bolt.s. were r:e-duce·d :s.uff·i·ci$ri~i·y 
. ·""'· 
:s.:o -t:ha.t :th_e b01 t. p,re: .. 1:oad wa-s less t.h:ari th~ .req.uir.ed · mi._ntn1JJ'rh: · .tei1$ion.~ 
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Al 1. th1;:~:e -~ .QH,4 j.oints ·wer:·e t .. he~n r.eb.61 t:ed w:ith- w-~·she.rs· ·in.st.al.led· . . ,,. .. 
,. :,; 
und.er both· the" head$ and nuts.. Thi.s· tia1e ·th~r~ ~vas no diffi~u'lt_-y 
·" .. . /1c:hie.ved · for :.the OH.4 ·seri.e.~ Joints ·-both wit·h :ar:-:d wit~out wa.sh.ers· ir{-
. 
:s't"a. :.ie:d- under tne l'reads are c·ompared in Fig. 20_. <• '.(he ._r:a,nge, of tens ions .. , .... ,-· 
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of· minimu.m· t-ensi:ori·. This·· co):llp-a·res with the range of bolt tens·ions 
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achiEfved in_. the ·b:o.lt.s. _in t.he. control, jo,ints, as· shown .in Eig. 1'2.; 
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. ~-
.given :gr.i.p _length in. A36 ·st:ee.I p la:te .. The dift.~i.·.c_ulty_. in ~chievino ~ ... ',, 0 
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pr-oo:t· Lo.ad_ te·nsion w¢4s· 4: re-s.:u lt. o.f: the b-'d te de.pt~·s sing .in-to· the·· ·p Leite 
arour.d the: ho1e:. In the h.otes w.ith th-e 5/16.~irt. ~leat~nc·e, the. :b.olt , •. 
heads .rec.e-s:.sed seve.r·ely into ·t:hE=. :pla"te: because the becar:Lng pre.ss.ure I 
0 / 
'between the flats; O-f the ~eads a:nd the plate was initially too hi(. 
I 
I 
oles 
With 'l/4-in.: clearance. ~-::· can he a:ssu,,,ed that: c[le beati-n)~/ essute 
t·ha.t w·as d.ev.f::t9ped ti'n:d.er: t"he: flat are\~s of the polJ:. heac:ts With 1/4.-.i,n.!'. , . . . I 
clearance holes was the"maximum allOw§.b le be.Aring pt-es~xire; :Ihis 
-:s-: - . / 
. '~-i. 
~ . I 
bear:_;:i;g ,pre"JSUr~ was 72 k.s_i when the bo 1~ ·pre Lo'iid wy 207. iii excess ¢£ > 
·th:e· re·q·uir.ed- ·teh$l on. ·1'-h·e ·ma-xi'mu-m hq l~ clear.a.r)ce
1ifor -~·r1y· s.:L:.~ 1b-o 1 t 
I 
. . I . . .. 
are/of p,_··1aie rem·ai.ni_~._t1g···· 
. I ·.· . : . 
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... y 
.:;n~y c.b.-en b-e co-n}put,e·d, OQ .the. basis: that the 
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and then -Lyndhurst~ Jfigh: s·chool for· 4 years, graduating in 1-961.: 
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He enrolled at Newark Colle;ge· of:: ·p]ngineerin_g .in. 1961 and 
~ e 
r;e,¢~j.v·ed his·Bache.l-or ·of Science in Civil Engineering d·egree, cum 
faude, in ·June 1965. .During his .unde:-rgraduate year~ he_ was active 
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i-n the stqde·nt chapte.r· .o.f the :ASCE _·and bec-ame a memb~r · of· ~Chi 
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Eps.i lPo; ·Tati Beta· .Pi :and :P-hi Eta. Si:g.ma: hd.rto:r 1f:ra·te.p.r~1.tl¢~ ~, 
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'He: is 1p:res.enotl:Y a_11. -~-[:igi~e.r-··:irt~Tra:1:i1i.ng and a.n, Assoc·.iate: Menil:>'er of: 
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